Although several studies reported on the association between socioeconomic status (SES) and hypertension, the results are conflicting, the quantification is problematic, only a few focused on young adults, and the effects of various key determinants of SES, such as education and job type, need further clarification. We aimed to assess the influence of SES on blood pressure in a large population of young adults.
H
ypertension is one of the most common cardiovascular risk factors, and is an important contributor to stroke, myocardial infarction, heart failure, and renal failure. The etiology of essential hypertension remains largely unknown and involves several genetic, hormonal, and environmental factors. Among environmental causes, attention has focused primarily on nutritional factors, which have been studied extensively. However, additional environmental factors, such as education, income, social position, and type of work, which represent the key determinants of socioeconomic status (SES), might also play a role in the pathogenesis of hypertension, yet remain less thoroughly investigated.
The impact of SES on the cardiovascular risk factor profile in general, and hypertension in particular, was reported in several epidemiologic studies with conflicting results. Some suggested that low SES is associated with a higher prevalence of hypertension. Galobardes et al followed a cohort of approximately 8000 Swiss men and women, and found a high prevalence of high blood pressure, overweight, smoking, and sedentary lifestyle among subjects with low SES. 1 Likewise, in a longitudinal study, Matthews et al reported a negative correlation between SES and blood pressure (BP) in a 10-year follow-up of 3827 normotensive subjects. 2 In contrast, another study found no correlation between childhood SES and future hypertension. 3 Similarly, Gulliford et al found no association between SES and BP. 4 One study, based on a small sample, even demonstrated a negative association between SES and the 10-year incidence of hypertension. 5 Regard-ing education, an important determinant of SES, Bobak et al described a positive correlation between education and hypertension. 6 Finally, Mendez et al found a complex, nonlinear relationship between SES and hypertension: both low and high SES levels were associated with an increased prevalence of hypertension, with lower prevalence rates among midrange SES. 7 Collectively, these data do not infer definite conclusions about the impact of SES on BP. A close examination of the various reports which addressed this issue suggests that SES parameters affect BP differently in developed and developing societies, and that the negative studies relating to the association between SES and BP originate in underdeveloped countries. Data on young adults, for whom early intervention can be applied if, indeed, SES affects the development of future hypertension, are scarce. Moreover, although this topic has been studied extensively, there is no standard measure or consensus on how to evaluate or quantify SES. Therefore, the aim of the this study was to quantify the relative impact of SES on BP in a large population of young adults, and to compare this association with the effects of age and body mass index (BMI), both of which are strong and well-established independent risk factors for hypertension.
Methods

Study Population
The Israel Defense Force (IDF) employs career service personnel in a wide array of occupations, ranging from highly educated professionals and trained technicians, to skilled and unskilled workers. Personnel education levels vary widely, and occupational environments include white-collar officebased surroundings, blue-collar factory-like conditions, and unskilled field-based laboring conditions. Most career personnel enter the IDF workforce at age 21 years, and all end their service at the compulsory military retirement age of 50. All career employees are required to undergo a periodic medical examination, which includes a thorough medical history, physical examination, and laboratory tests. In the IDF, commissioned officers are a well-defined subgroup of employees with a wide range of seniority and military rank, and an accordingly wide range of education and income. They thus reflect different levels of SES. We assessed the effects of SES on BP within this group. Officers undergo periodic medical examinations at 3-to-5-year intervals starting at age 25 years, and are summoned automatically for examination by a computerized queuing system. Compliance with examination is high, and 93% of the summoned population present at the testing center. Because of the relatively small number of females and subjects aged Ͼ45 years, the present study was limited to the periodic examination data for male subjects aged 25 to 45 years. Subjects with hypertension were included. Between January 1991 and December 1999, 11,053 eligible officers underwent periodic medical evaluation. This group is representative of the overall male Israeli working population, and provides a basis for comparison with data previously collected in Israel and elsewhere.
The demographic characteristics of the study population are detailed in Table 1 . The mean age Ϯ SD was 33.8 Ϯ 6.6 years. Most of the subjects (78%) were born in Israel, but most of the fathers were born abroad (77.2%). Only 9.6% were physically active workers.
Data Collection
Subjects reporting for examination completed an itemized questionnaire, which collected information on their military rank, type of work (physical work versus office work), origin, father's origin, and level of education.
Systolic and diastolic BP (SBP and DBP, respectively) were measured according to American Heart Association guidelines, using a mercury column sphygmomanometer and a cuff appropriate for the subject's arm circumference. Blood pressure in the sitting position was measured twice by skilled, trained physicians after 5 min of rest, and the average of the measurements was recorded. Height and weight were measured in all subjects after removal of outer garments and shoes, using a weight and standing height scale (Sunbeam Products, Inc., Bridgeview, IL). Results were entered into the computerized Young Adult Periodic Examinations in Israel (YAPEIS) database. 8 For subjects examined more than once during the study period, only the results of the latest examination were used for analysis.
Data Analysis
Origin, based on the subject's and his father's country of birth, was categorized as Israeli, Western (European and American countries), or Eastern (Asian and African countries). Military rank in the IDF represents two major components of SES: income and position. It is directly and strongly associated with seniority, increased responsibil- ity, greater organizational influence, financial security, and a higher societal standing. Because a major change in income occurs when a subject is appointed to the rank of major in the IDF, and then again to the rank of colonel, we categorized military rank into low (lieutenant and captain), intermediate (major and lieutenant colonel), and high (colonel and above). To compare subjects whose work involves a high level of physical activity with subjects who perform administrative work, and to adjust SES for the amount of physical activity during work, we categorized subjects as involved in physical activity or in officetype work. Level of education was categorized as academic versus nonacademic, with the former category limited to college graduates, and the latter to high school nongraduates and high school graduates who did not complete a degree at an academic institution.
We constructed an analysis of variance (ANOVA, type III) model to calculate mean SBP and DBP in each of the categories of rank, type of work, and level of education. Modeling was done in three steps: (1) separately for each variable, adjusted for age (introduced as a continuous variable); (2) together with all socioeconomic variables (education, rank, and type of work) and age; and (3) the models as above, with the inclusion of subject and paternal origin and BMI. In all models, we assessed for all possible two-way interactions. Since BMI is a predominant factor influencing blood pressure, we also examined the association of BMI with the socioeconomic parameters by calculating the age-adjusted mean BMI by the categories of education, rank, and type of work.
In each of the ANOVA models, we calculated the partial 2 for the included variables to measure the effect size of the individual variable on the means of SBP and DBP. Partial 2 was calculated using the following formula: partial 2 ϭ SS effect /(SS effect ϩ SS error ), where SS represents the sum of squares.
We also examined the association between the socioeconomic variables and hypertension as a categorical variable in a logistic regression model. Hypertension (defined as SBP Ն140 mm Hg or DBP Ն90 mm Hg) was the outcome variable. Age, socioeconomic parameters (education, rank, and type of work), origin, and BMI were the independent variables. Forward selection was used as the method for stepwise variable selection, and variables with P Ͼ .05 were eliminated from the model. Data were analyzed using SPSS software (version 14.0, SPSS, Inc., Chicago, IL).
Results
The overall means Ϯ SD of SBP and DBP of the study population were 119 Ϯ 13 and 77 Ϯ 10 mm Hg, respectively. The overall mean BMI Ϯ SD was 25.5 Ϯ 3.8 kg/m 2 . Table 2 shows the age-adjusted mean SBP and DBP by the categories of rank, level of education, and type of work, in models that included each of these three independent variables separately (model 1). The means of SBP and DBP were found to be highest among officers of low rank, with a partial 2 of 0.003 and 0.002 for SBP and DBP, respectively. No differences in the means of SBP and DBP were observed between the categories of level of education, but the mean SBP was found to be higher among office workers.
Theses results remained similar in the age-adjusted ANOVA model that simultaneously included the variables of rank, level of education, and type of work (model 2, Table 3 ). The means of SBP and DBP remained highest among officers of low rank, with the same results as in the age-adjusted univariate analysis (model 1), and no difference was observed between education categories. The means of SBP among the type of work categories remained the same as in model 1 (higher among office workers), but the difference had only borderline statistical significance (P ϭ .095). No statistically significant interactions were observed between either of these variables or with age.
When examining the association between BMI and rank, level of education, and type of work, the ageadjusted mean BMI was found to be lower among subjects of low rank (25.2 kg/m 2 compared with 25.8 kg/m 2 and 25.7 kg/m 2 among subjects of intermediate and high rank, respectively, P Ͻ .001); it was also found to be higher among subjects without an academic degree (25.9 kg/m 2 v 25.3 kg/m 2 among subjects with an academic degree, P Ͻ .001), as well as among office workers (25.9 kg/m 2 v 25.4 kg/m 2 among physical workers, P ϭ .001). Table 4 shows the means of SBP and DBP after further adjustment of the abovementioned models for origin, father's origin, and BMI (model 3). The means of SBP and DBP were found to be highest among subjects of low rank. The partial 2 for SBP and DBP was found to be 0.003 and 0.002, respectively. No differences in the adjusted means of SBP and DBP were observed between the categories of level of education, but the mean SBP was found to be higher among office workers. In the fully adjusted model, the partial 2 of age and BMI was found to be 0.008 and 0.066 for SBP, respectively, and 0.026 and 0.054 for DBP, respectively. No statistically significant interactions were observed between either of the variables included in the model.
When examining the association between the socioeconomic parameters and hypertension as a categorical variable, in a model adjusted for age, socioeconomic parameters, origin, and BMI, subjects of low rank had a higher risk for hypertension (adjusted odds ratio ϭ 1.31, 95% confidence interval ϭ 1.06 to 1.63) compared with subjects of intermediate and high rank. No difference was observed concerning level of education, but hypertension was found to be more prevalent among office workers (adjusted odds ratio ϭ 1.24, 95% confidence interval ϭ 1.01 to 1.52).
Discussion
Our results demonstrate that SBP and DBP are higher among officers of low rank and among office workers. A difference of 1 mm Hg in SBP and DBP in such a large cohort is important in terms of cardiovascular outcomes, as recently described by Lewington et al. 9 In their metaanalysis of Ͼ12 million patient-years, they showed that an elevation of 1 mm Hg SBP and 1 mm Hg DBP above 115/75 is accountable for a 5% and 10% increase in mortality, respectively. 9 In addition, we found no association between level of education and BP. Collectively, the relative impact of SES was minor, compared with the major known determinants of hypertension, age, and BMI. Whereas 0.3% and 0.2% of the variance in SBP and DBP, respectively, can be explained by rank, 0.8% and 2.6%, respectively, can be explained by a 1-year increase in age, and 6.6% and 5.4%, respectively, can be explained by an increase of one BMI unit.
Our results support those of previous, smaller studies that suggested an association between low SES and an increased prevalence of hypertension, 1,2 in contrast to other reports that showed a nonlinear relationship or no association at all. 4, 7 In our study, level of education had no impact on BP. It is important to note that some reports found such a relationship, and higher education was associated with lower BP, 10 whereas others gave education low weight with respect to hypertension, eg, a prospective study in Finland that demonstrated a weak association between education, SES, and future occurrence of hypertension. 11 Possible explanations of these differences in findings include differences in the populations and methodologies used to study this question. The quantification of SES is not absolute, which is an important limitation of studies that examine the relation between SES and BP. The different social and economic structures of various societies are reflected by the different methods used to quantify SES. In our study, we used a scaling system of rank and type of work, because among army personnel, these parameters are rigid and constant, and thus allow a uniform quantification of SES.
It is possible that studies that found an association between SES and hypertension were based on populations drawn from developed countries, whereas in developing countries, this association is not evident. For example, one study carried out in the United States showed that the influence of education on BP differed between Hispanics and whites, 12 supporting the idea that SES influences various populations differentially. Ethnicity, a major determinant of BP, is related to SES in some cultures, thus driving the difference in BP between different levels of SES. 13 The reason may also be partly related to the fact that overweight is characteristic of a lower level of SES in developed countries, in contrast to developing countries, where overweight is more common among higher levels of SES. 14 -16 Moreover, diseases associated with overweight, such as hypertension, diabetes, and heart disease, were more evident among subjects of low SES. 15 One might suggest that differences in lifestyle between various levels of SES can explain the differences in BP.
However, one study that addressed this hypothesis failed to show such an association. 17 The issue of job strain and BP has been a matter of controversy in the literature, and it was recently shown that white-collar jobs are associated with higher BP. 18 Our study showed similar results, despite the use of a different scheme of categorization for various types of work.
It appears that SES not only affects BP but also its consequences, eg, left-ventricular hypertrophy. 19 Similarly, platelet activation, a marker of the deleterious effects of hypertension, is more prominent in low SES, 20 and the incidence of stroke is highest among hypertensive patients with low SES. 21 There are several mechanisms through which SES can affect BP. A number of studies showed that subjects of low SES exhibit a prominent and prolonged hemodynamic response to emotional stress, [22] [23] [24] [25] although the reason for this is unknown. One explanation may be that baseline cortisol and change in cortisol during stress were correlated with SBP reactivity in relation to level of SES. 26 Further studies are needed to clarify this relationship. Another mechanism that might explain the higher prevalence of hypertension among subjects of low SES is through endothelial dysfunction, as described by DinDzietham et al. 27 These authors demonstrated impaired carotid artery dilatation, a marker for endothelial dysfunction, among subjects of low SES. 28 The unfavorable metabolic and neurohormonal profile that is associated with low SES in developed countries may contribute to the elevation of BP, and subsequently to hypertension.
Our study has several limitations, including its homogenous population, the measurement of BP on only one occasion, the difficulty in quantifying SES with certainty, and the limited generalization of results derived from a military population and young adults. The latter, however, is also a point of strength, because it allows for a rigid, quantifiable scale of SES.
The importance of SES is not confined to the development and pathogenesis of hypertension, but also affects a subject's ability to maintain the lifestyle modifications that are recommended in the management of hypertension, 29 as well as access to medical services and medication. 30 Hence, our findings may have implications for the improvement of efficiency of hypertension management. These include possible economic benefits of screening programs for hypertension among low-SES communities. But before this implication can be further tested in a cost-utility analysis, it is important to establish measures of SES, and to develop qualitative studies of hypertension risk factors. In addition, studies of racially heterogeneous societies may further explore the complex differential effect of SES on BP, which varies by race.
In conclusion, low SES and sedentary type of work are associated with higher BP. Education, however, is not correlated with BP. The overall association between BP and the different determinants of SES is weak compared with the strong positive association of hypertension with
